Interannual rainfall variability over Tasmania is examined using observations and reanalysis data. Tasmanian rainfall is dominated by an east-west gradient of mean rainfall and variability. The Pacific-South American mode (PSA), El Niñ o-Southern Oscillation (ENSO), and the southern annular mode (SAM) each show clear influences on the interannual variability of Tasmanian rainfall. Composites of rainfall during each phase of ENSO and the PSA suggest a notable islandwide influence of these climate modes on Tasmanian rainfall. In contrast, the positive phase of the SAM is associated with drier conditions over the west of the island. The PSA and the SAM project most prominently over the southwest of the island, whereas the ENSO signature is strongest in the north. Empirical orthogonal functions (EOFs) of rainfall over Tasmania show a leading mode (explaining 72% of total variance) of coherent islandwide in-phase anomalies with dominant periods of 2 and 5 yr. The second EOF accounts for ;14% of total variation, characterized by out-of-phase east-west anomalies, which is likely a combination of all three modes. The EOF1 mode can be attributed to ENSO, the PSA, and to a lesser extent the SAM.
Introduction
Rainfall over Tasmania, an island off the southeast coast of Australia, is potentially influenced by several large-scale climate modes operating over the surrounding oceans. The island lies between 144.58 and 1488E and stretches from 408 to 43.58S, with the prevailing westerly winds responsible for the majority of rainfall. Tasmania also has a distinct gradient in orography, with high mountains in the west extending into the central regions, while the east remains relatively flat. Tasmania's proximity to the Southern Ocean gives it a comparatively different climate from the rest of the Australian mainland.
The combination of a westerly airstream and strong orographic influences results in a large gradient of rainfall from the west to the east of Tasmania, as seen in Figs. 1a,b. Consequently, Tasmania is regularly clipped by extratropical cyclones and cold fronts embedded in these westerlies, which also advect large amounts of moisture over the island. Therefore, the presence of westerly winds across Tasmania-or lower sea level pressure (SLP) through the geostrophic balance-increases the likelihood of precipitation. Another feature of Tasmanian rainfall is the relatively modest seasonality on the east coast compared to the west coast, which exhibits high winter rainfall (Fig. 2) . Although the focus of this note is on the interannual variability in annual rainfall, the mechanisms for variability in seasonal rainfall are also explored. The overall aim of this study is to evaluate the climate modes and their mechanisms controlling Tasmanian rainfall variability over interannual time scales.
Because of its location at the midlatitudes, it is expected that the southern annular mode (SAM) exerts significant influence on Tasmanian rainfall (e.g., Meneghini et al. 2007) . Southern Hemisphere extratropical atmospheric variability is primarily driven by the SAM (Hall and Visbeck 2002; Marshall 2003) , which is the dominant mode of variability forced by the strong meridional temperature gradient between high and low latitudes (Cai and Watterson 2002; Thompson and Wallace 2000) on synoptic to multidecadal time scales (Baldwin 2001; Kidson 1999 ). The SAM is also often described as a positive feedback between the zonal flow and transient eddies in the Southern Hemisphere storm-track zone (Lorenz and Hartmann 2001) . The SAM manifests as a largely zonally symmetric, meridionally out-of-phase variation in atmospheric pressure and zonal winds over the extratropics to Antarctica. This mode is predominantly persistent throughout the year, only weakening slightly in the austral summer (Carleton 2003; Thompson and Wallace 2000) . This alternation of mass around 408S and the polar latitudes (Gong and Wang 1999; Carleton 2003) affects the position and intensity of the circumpolar trough and jet stream (Limpasuvan and Hartmann 1999; Kushner et al. 2001; Hall and Visbeck 2002) .
Because of the limited observational record and the scarcity of stations, studies of the impacts of the SAM on regional climate have been relatively limited. In this study we explore the influence of the SAM and other climate modes on Tasmanian rainfall. This extends the work of Meneghini et al. (2007) who briefly discussed the influence of the SAM on Tasmania through correlations with both a regional and hemispheric SAM index, showing a strong signal in the southwest of the island. The SAM is also known to exert an influence on southwest Western Australian winter rainfall variability (Cai et al. 2003) . Tasmania has also been shown to have reduced rainfall during the positive phase of the SAM (Cai and Watterson 2002; Gillet et al. 2006; Cai and Cowan 2006; Sen Gupta and England 2006; Hendon et al. 2007 ), particularly over the west.
Another interannual signal that is likely to influence Tasmanian rainfall is the El Niñ o-Southern Oscillation (ENSO), as it has been linked to precipitation anomalies over eastern Australia (Pittock 1975 (Pittock , 1984 McBride and Nicholls 1983; Drosdowsky 1993) . The ENSO phenomenon is responsible for global-scale sea surface temperature (SST), SLP, and rainfall anomalies (e.g., Frederiksen et al. 1999; Karoly 1989 ) of particularly strong amplitude in the equatorial Pacific Ocean and over adjoining landmasses. The phenomenon can be quantified by a number of indices, including the Southern Oscillation index (SOI), which is the standardized anomaly of the difference between mean SLP over Darwin and Tahiti. The SOI fluctuates between a positive phase (La Niñ a) and a negative phase (El Niñ o) and has an irregular periodicity of 3-7 yr. There is a correlation between the SOI and rainfall across northern and eastern Australia, although the correlation decreases with latitude (Nicholls and Wong 1990) . The effects of ENSO have been shown by Wright (1988a,b) to influence rainfall as far south as eastern Victoria. It is plausible, therefore, that the influence of ENSO on Australian rainfall may extend as far south as Tasmania; this will be explored in the present study.
In the extratropics there are two other leading modes of variability, referred to as the Pacific-South American (PSA) modes linking tropical and extratropical climates, which could also play a role in Tasmanian rainfall variability. The PSA modes exhibit well-defined wave trains extending from the tropical Pacific Ocean to South America. These wave train patterns can be seen at the 500-hPa height (e.g., Ghil and Mo 1991; Kidson 1988) , in SLP, and in the 200-hPa streamfunction anomalies (e.g., Lau et al. 1994) . The mechanisms that drive the PSA modes are not well understood. The first of the two modes (hereafter PSA1) is thought to be a response to ENSO interannual variability (Karoly 1989; Mo 2000) , whereas the second (hereafter PSA2) is linked to the quasi-biennial component (Mo 2000) . Mo and Higgins (1998) found that the PSA1 was linked to tropical heating anomalies in the tropical Pacific and suppressed convection over the Indian Ocean, while PSA mode 2 was associated with central Pacific anomalies farther to the east. Like its Northern Hemisphere counterparts, the PSA modes may be a nonlinear response to warm or cold events in the tropical Pacific (Hoerling et al. 1997 ). We will assess whether interannual Tasmanian rainfall variability can be linked to the PSA modes.
The rest of this note is organized as follows: Section 2 describes the observational data used in this study. The results of the variability analyses are discussed in section 3, and finally section 4 includes the summary and conclusions.
Data and data analysis
This study employs the Australian Bureau of Meteorology (BOM) gridded monthly rainfall datasets from 1950 to 2005. The gridded data has 0.258 horizontal resolution and was generated using the Barnes twodimensional analysis utilizing all available rainfall stations. Although there is a distinct difference in net rainfall amounts across the island (Fig. 1a) , the time series for eastern, western, and islandwide Tasmanian rainfall anomalies are highly positively correlated (Fig. 3a) . As such we can define high and low rainfall years for the whole of Tasmania; not stratified by regions. We define ''wet'' and ''dry'' years for those years lying beyond one standard deviation above and below the long-term mean, respectively ( Table 1 ). The rainfall composites for the dry and wet years are shown in Figs. 3c,d , exhibiting an islandwide anomaly. We repeated all analyses using anomalous rainfall years defined separately for eastern and western Tasmania and found largely similar results as those described here. These anomalous years were then used to composite various climatological reanalysis variables.
The sparsity of recording stations over Tasmania during the first half of the century puts into question the reliability of the BOM gridded dataset before 1950, particularly over the southwest. Figure 1 demonstrates that the spatial distribution of the rainfall mean and variability in the gridded datasets is consistent with that of the station data. Fig. 3b shows that the anomalies for east and west are coherent in the raw station analysis, as in the gridded dataset. Composite patterns for wet and dry years in the station and gridded dataset also exhibit consistent spatial distributions. This justifies our use of the gridded datasets for the 1950-2005 period and the Tasmania-wide averaged rainfall for the definition of wet and dry years.
The National Centers for Environmental Prediction (NCEP) and National Center for Atmospheric Research (NCAR) reanalysis SLP and wind velocities (for a detailed description see Kalnay et al. 1996) were used for composite analyses over the past several decades. The National Oceanic and Atmospheric Administration (NOAA) extended reconstructed sea surface temperature (ERSST) climatology is employed for sea surface temperatures. The NOAA ERSST and NCEP-NCAR reanalysis data both have a horizontal resolution of approximately 28 latitude and 28 longitude.
The composites of climate properties during anomalously wet and dry years provide a representation of the anomalous conditions of the atmosphere and ocean that correspond to these years. To gain an understanding of how the climate modes project onto Tasmanian rainfall variability, composites and regressions of the gridded rainfall observations on ENSO, SAM, and PSA indices are calculated. The SOI used is the standardized anomaly of the SLP difference between Tahiti and Darwin, obtained from the BOM. The SAM index used in this study is calculated from the first leading mode from the EOF analysis of monthly mean geopotential height anomalies at 700 hPa, provided by the Climate Prediction Center (CPC; http://www.cpc.noaa. gov). The reconstruction of the PSA index is detailed in section 3a.
To gain further insight into the dominant spatial rainfall variability across Tasmania, EOFs are calculated on the gridded rainfall climatology for the 1950-2005 period. The EOFs were computed using a covariance matrix approach but the correlation matrix was also applied to the data and this resulted in virtually identical spatial and temporal patterns. Even though Tasmania is of limited area, the EOF analysis was applied as the island has a rich orography, and it was not clear, a priori, how much of the variability is an islandwide mode. It is also of interest to assess the leading modes, particularly for possible linkages to known climate modes, utilizing the principal component (PC) time series. Note that, since our focus is on interannual-time-scale variability, all time series are first detrended. Statistical significance for the composite analyses is inferred using a two-tailed Student's t test, while the statistical significance for correlations and regressions are computed following the procedures of Sciremammano (1979) . The statistical significance for the power spectral density (PSD) is based on Mann and Lees (1996) .
Variability analysis a. Wet-and dry-year composites
The composite of SLP during wet years ( Fig. 4a) shows an alternating pattern of pressure anomalies extending from Australia across the Pacific Ocean to South America. The significant low pressure anomaly over Tasmania is consistent with higher rainfall due to more unstable conditions over the island. The corresponding vector winds (Fig. 4c ) reveal a cyclonic wind anomaly around this low pressure anomaly, with enhanced westerlies across Tasmania. The enhanced westerly airstream would force more moisture to be advected over the island under more unstable and therefore rainconducive conditions. Conversely, during dry years ( Fig. 4b) , there is a significant high SLP anomaly over Tasmania as part of a wave train extending eastward across the South Pacific. There is a corresponding anticyclonic wind anomaly over Tasmania (Fig. 4d) . Both of these conditions contribute to the reduced rainfall over the island with clearer, calmer weather and a weakened westerly airstream.
The SST composites during wet years (Fig. 4e) show a La Niñ a-like cold pool in the equatorial Pacific Ocean. There are warmer subtropical waters flanking the prominent cool anomaly extending from the South American coast across the equatorial Pacific. During the anomalously 1950 1959 1961 1963 1967 1972 1982 Wet 1952 1956 1958 1964 1968 1970 1971 1973 1974 1975 dry years ( Fig. 4f ) there is only a weak El Niñ o-like warm pool apparent in the SST anomalies, with significant colder waters to the north of Australia and warmer waters to the south. This SST dipole on either side of the Australian continent is reversed in the wetyear composite (Fig. 4e) . Note finally that each of the above analyses was repeated with anomalous wet and dry years defined according to the eastern and western regions of Tasmania and qualitatively similar results were obtained. Results are also consistent when analyzing the anomalous wet-dry years using the raw station data. The wave train across the Southern Ocean in Fig. 4b resembles one of the PSA modes. To investigate the relationship between Tasmanian rainfall and the PSA we construct a PSA index. This index is constructed based on three box-averaged anomalies over Tasmania, the Admunsen Sea, and off the coast of the western Antarctic Peninsula (Fig. 5g) , coinciding with the peak anomalies seen in Fig. 4b . As the PSA can be associated with ENSO, the ENSO component was removed by first regressing the SOI time series onto the PSA index then removing the regression coefficient month by month from the PSA index. The ENSO component was, in fact, virtually insignificant (with SOI-PSA index correlation of 0.061), suggesting that this wave train pattern is closer to the PSA2 mode (Mo 2000) . The PSD function of the PSA (Fig. 5d ) shows peaks at 2 and 5 yr, with the strongest signal at 2 yr, aligning with the dominant interannual period of PSA2 (Mo 2000) . For the remainder of this paper all analysis of the PSA mode is taken as the non-ENSO component of the PSA (or ''pure'' PSA).
The SST composite patterns, particularly for wet years, reveal an ENSO signal (Fig. 4e) . In addition, when the SOI is correlated with SLP (Fig. 5e) , there is a classical broad out-of-phase pattern across the Pacific Ocean, with low pressure over much of Australia extending south across Tasmania. These two results, for SST composites and SLP correlations for the SOI, suggest a clear ENSO influence over Tasmanian rainfall. The large-scale SLP pattern in the tropics-midlatitudes for wet-year composites (Fig. 4a ) also resembles that of the ENSO influence seen in Fig. 5e , confirming the ENSO projections onto Tasmanian rainfall to some extent. On the other hand, there is no clear SAM signature exhibited in the composite patterns (Fig. 4) . However, there is an annular pattern in SLP correlations with the SAM index with significant positive correlations over Tasmania (Fig. 5f ). As shown in Fig. 5c , the SAM also exhibits spectral peaks at 5-and 2-yr periods. The impact of the SAM on Tasmanian rainfall variability is assessed further in section 3b.
b. Links to ENSO, the SAM, and the PSA The dry/wet year composites shown in Fig. 4 provide evidence of large-scale climate modes impacting on Tasmanian rainfall. Thus, it is of interest to examine the spatial distribution of Tasmanian rainfall anomalies during different phases of ENSO, the SAM, and the PSA. This is done by means of composites and regression analysis. For composites, we take El Niñ o/La Niñ a years as classified by Meyers et al. (2007) . Anomalous SAM years are defined when the SAM index lies beyond one standard deviation of the 1979-2005 mean. Similarly, we take the extreme positive and negative PSA years as those where the index lies beyond one standard deviation from the 1950-2005 mean. The resulting rainfall composites and regression patterns are shown in Fig. 6 .
During La Niñ a years, the whole of Tasmania receives above-average rainfall (Fig. 6a) , whereas, under El Niñ o conditions, the island is anomalously dry (Fig. 6b) , with the highest impact over the northern half of the island decreasing to the south. The existence of anomalously low SLP concentrated over the Australian continent and weakening to the south during La Niñ a phase (Fig. 5e ) suggests more unstable conditions to the north of Tasmania. The reverse conditions occur during El Niñ o. The regression of the SOI against Tasmanian rainfall (Fig. 6c) summarizes the ENSO projection onto rainfall over Tasmania, particularly its impact on the northern part of the island.
The influence of the positive phase of the SAM on Tasmanian rainfall is illustrated in Fig. 6d . There is a large negative anomaly over the west, which gradually dampens out to the east and north. This rainfall pattern could be explained by a modest southward shift of the westerlies resulting in less frontal and extratropical cyclone activity over Tasmania. Fyfe (2003) analyzed a twentieth-century climate model simulation to find a 1.58-28 latitude poleward shift in extratropical cyclone activity during 1950-2000. The NCEP reanalysis data suggest an even stronger shift, although this reanalysis field has been shown to exaggerate the positive trend in the SAM (Marshall 2003) . A 1.58-28 latitude shift in extratropical cyclone activity would account for a similar magnitude shift in rainfall over Tasmania. The rainfall anomalies during the negative phase of the SAM (Fig. 6e) show higher rainfall in the west and drier conditions in the east, which is simply explained by the strengthening and northward shift of the westerlies, which in turn results in more rainfall over the west. The drying out toward the east of the island is likely due to the orographic effects of the western mountain range, which also sets the west-east gradient of mean rainfall seen in Fig. 1a . The asymmetry in the SAM influence, likely due to orographic effects, is consistent with the The PSA index is defined as the linear combination of the SLP time series from each of the three boxes as indicated in (g) with the Amundsen Sea box of the opposite sign to the other boxes. The SAM index is the first leading mode from the EOF analysis of monthly mean geopotential height anomalies at 700 hPa, taken from the CPC, and the SOI is taken from BOM. The region of significant correlation at the 90% confidence level is shown by the black contours in (e)-(g). The red and blue dots in (a) indicate wet and dry years, respectively. The dashed curves in (b)-(d) indicate the estimated background noise spectrum at 90% confidence level.
findings of Ummenhofer and England (2007) for New Zealand. The regression pattern (Fig. 6f) highlights the impact of the SAM over the western part of Tasmania.
Rainfall conditions during years of the positive PSA index (Fig. 6g) show a positive anomaly in the west and a smaller area of negative anomaly in the east, similar to the composite pattern for the negative SAM year (Fig. 6e) . However, composites based on the negative PSA index (Fig. 6h) show an islandwide decrease in rainfall but still show stronger anomalies in the west. During years of both positive PSA index and negative SAM index, there is an anomalously low SLP over Tasmania (Figs. 5f,g ), which would influence the westerly jet streams. This, together with the orographic effects, could result in the similarity in the way PSA and SAM impact on Tasmanian rainfall, even though these modes are of different origin. The regression analysis (Fig. 6i) illustrates a Tasmania-wide increase in rainfall during the positive phase of the PSA index, with the strongest signature in the west.
c. Seasonal stratification
It is well known that the three climate modes-ENSO, the SAM, and the PSA-each exhibit seasonal variations. For instance, the ENSO seasonal cycle involves a cold state in June-August (JJA) and a warm state in December-February (DJF), corresponding with the seasonal drift of the intense tropical convection zones. ENSO is also known to have its greatest influence on Australian rainfall during September-November (SON) (McBride and Nicholls 1983) . As governed by hemispheric meridional temperature gradients, the SAM is in its most positive phase during Southern Hemisphere summer and in its most negative phase during austral winter. Thus, to understand the overall climate mode impacts on the annual rainfall variability, it is of interest to examine their effects in each season. Fig. 7 presents seasonally stratified regressions of the ENSO, SAM, and PSA indices against Tasmanian rainfall. The SOI rainfall regressions in JJA and SON (Figs. 7c,d ) exhibit a consistent picture with the annualmean pattern (Fig. 6c) , showing rainfall increases over the whole of Tasmania with an intensification in the north during the positive phase of the SOI. The corresponding rainfall anomalies during DJF, although not statistically significant, show rainfall deficits over the southwest, with increasing rainfall in the northeast in autumn. It is interesting to note that the SOI-regressed rainfall pattern in summer appears in phase with that of the SAM (Fig. 7e) , as might be expected given the results of L'Heureux and Thompson (2006) who showed a phase locking of ENSO and the SAM during this season. Furthermore, as shown by Hendon et al. (2007) , there is an easterly wind anomaly across Tasmania during the positive phase of the SAM in DJF. In this season, the midlatitude westerlies are positioned farthest to the south, and so years of an anomalously positive SAM index would see the weakest westerlies over Tasmania, allowing for anomalous wet conditions to occur in the east. The dry conditions in the west are associated with weaker westerlies, as in JJA and SON when the impact of the SAM is most pronounced (Figs. 7g,h ). Interestingly, the SAM appears to have the opposite effect in autumn, with wetter (drier) conditions in the west despite the positive (negative) phase of the SAM. This is FIG. 7 . Rainfall anomalies associated with one std dev unit of (a)-(d) the SOI (1950 SOI ( -2005 , (e)-(h) the SAM (1979 SAM ( -2005 , and (i)-(l) the PSA index against Tasmanian rainfall during austral summer (DJF), autumn [March-May (MAM)], winter (JJA), and spring (SON). The units are mm month 21 . These rainfall anomalies are regression coefficients between gridpoint rainfall anomalies and the climate indices multiplied by 1 std dev of the corresponding index time series to yield the units of mm month 21 . The region of significant correlation at the 90% confidence level is shown by the black contours. The correlation significance is computed following the procedures of Sciremammano (1979) . apparently a localized effect owing to the existence of a wavenumber 3 pattern embedded in the SAM that appears to be most prominent in autumn (figure not shown; see also Drost and England 2009) .
Despite these seasonal variations, the projected SAM and ENSO signals on the annual rainfall variability are dominated by the winter-spring interannual variability. The PSA projection on rainfall, on the other hand, exhibits a weak seasonality over western Tasmania. However, the rainfall variability associated with the PSA is also most pronounced during winter, exhibiting a more spatially homogeneous anomaly pattern. It is also interesting to note that both the PSA and the SAM impact more significantly over the west, while the ENSO impact is concentrated in the north. This is consistent with earlier analyses in this study. Tasmanian rainfall exhibits a relatively strong seasonality, with both rainfall amount and its variability peaking in winter (Fig. 3) . Furthermore, the mountain ranges stretching from the southwestern coast to the northeast inland confine high rainfall and variability over the western region (Fig. 1) via orographic effects. Overall, the variability analysis conducted on the annual rainfall can broadly be extrapolated to the wintertime variability that is concentrated in the southwest. Nonetheless, we have documented in this section the spatial variations of rainfall anomalies in relation to ENSO, the SAM, and the PSA in each season. The impacts of these three climate modes on individual seasons can also be seen in Table 2 , which shows the correlations of each climate mode with rainfall in each season. As per Fig. 7 , the SOI and SAM have their strongest influence during JJA and SON, while the PSA mode has the largest significant correlation during JJA. Annually, the PSA (containing ENSO component) and the SAM have the strongest significant correlation to Tasmania rainfall.
d. Modes of rainfall variability
The analyses shown thus far suggest that, while there are significant features that display an islandwide impact on Tasmanian rainfall variability, there are prominent east-west and north-south gradients related to the climate modes. The standard deviation of rainfall over the Tasmanian region (Fig. 1c) shows a region of high rainfall variability over the west of the island transitioning to lower variability over the eastern half of Tasmania. To further investigate the dominant spatial variability of Tasmanian rainfall and its relation to the above climate modes, we conduct an EOF analysis on annual rainfall, both in the gridded and the raw station data. As these two datasets show consistent results, we only present here the gridded rainfall EOFs (Fig. 8) . Note that both the EOF patterns and PC time series have been scaled to have the units of rainfall (mm yr 21 ). The first two EOFs (Fig. 8) together explain approximately 85% of the total rainfall variability over Tasmania. The dominant mode (EOF1) of the rainfall data accounts for 72% of the variability and shows a gradient of rainfall anomalies that are high in the west (1250 mm yr 21 ) and low in the east ('80-100 mm yr 21 ), though notably the rainfall anomalies show the same sign across the island, consistent with Fig. 3 . The PSD of EOF1 exhibits three significant spectral peaks (at a 90% confidence level) at around 20, 5.4, and 2 yr. EOF2 represents 14% of the total variability, with a negative anomaly over the southwest and the remainder of the island exhibiting a positive anomaly. This is similar to the pattern of correlation between Tasmanian rainfall and the SAM seen in Meneghini et al. (2007) and our composite and regression analyses of Figs. 6d,f. EOF2 exhibits peak periodicity at 3.6 and 4.8 yr.
When the principal component time series of the two leading modes (PC1, PC2; see Fig. 8 ) are correlated with the SLP, we see a PSA-like wave train contributing to both modes (Figs. 9a,c) . In both correlation patterns, the spatial pattern over the equatorial Pacific Ocean resembles La Niñ a conditions in the Walker circulation, corroborating the ENSO impact on interannual Tasmanian rainfall variability described earlier. When the SOI is removed from PC1 and then correlated with SLP (Fig. 9b) , the resulting spatial pattern resembles that of the PSA (similar to that seen in Fig. 5g ). The negative correlation between PC1 (positive values correspond to wet conditions) and SLP over Tasmania (Fig. 9a) is consistent with the fact that low SLP corresponds to higher rainfall over Tasmania.
The PSA-like pattern in Fig. 9c is closely related to the interannual component of ENSO. This is the case as the SOI is removed from this analysis and the wave train pattern becomes less prominent. A SAM-like pattern also emerges once the SOI component is removed. Across Tasmania and southeastern Australia, there is a meridional SLP gradient in Fig. 9c , which corresponds to easterly anomalies through the geostrophic balance, much like that seen in the correlation of SOI with SLP in Fig. 5e . This explains the spatial pattern of EOF2 (Fig. 8) , where there is a reduction of rainfall in the west and increased rainfall in the east during the positive phase of the SAM and/or La Niñ a phase. As discussed in section 3c, such conditions are more feasible in the summer months, as the westerly jet streams are positioned furthest to the south. It appears that each of the three climate modes considered here, particularly the PSA and ENSO, contribute to the EOF1 islandwide mode. Although there is no apparent SAM signature exhibited in Fig. 9b , a negative SAM pattern may be embedded, particularly as it was shown in Fig. 7g that the SAM projects onto an islandwide rainfall anomaly in winter. A combination of the SAM, ENSO, and, to a lesser extent, one of the PSA modes may also give rise to weaker rainfall variations described by EOF2.
Summary and conclusions
Interannual rainfall variability over Tasmania is characterized by a gradient between high rainfall fluctuations in the west and weaker variability in the east (Figs. 1c,d ). Although the gradient exists west to east as a result of orographic effects in a primarily westerly airstream, the dominant mode of variability is islandwide. With a location in the Southern Hemisphere midlatitudes, we have shown that there are at least three climate modes that influence Tasmanian rainfall variability, namely ENSO, the SAM, and the PSA. In this study, we have analyzed the BOM gridded rainfall data An ENSO signal is clearly seen in the SLP and SST composites during wet years (Figs. 4a,e) , confirmed by a similar spatial pattern seen in the correlations of the SOI with SLP (Fig. 5a ). The ENSO signal appears to largely project as an islandwide decrease (El Niñ o) or increase (La Niñ a) in Tasmanian rainfall, with a decrease in ENSO influence with latitude. This north-south gradient is consistent with the decrease in impact with latitude as discussed by Nicholls and Wong (1990) .
The PSA modes influence Tasmanian rainfall depending on the sign of the SLP anomaly centered over the island. The composites of anomalous wet and dry years (Fig. 4) demonstrate the rainfall relationship with a PSA-like pattern in SLP anomalies, which can be interpreted as a midlatitude atmospheric wave train (Cai and Cowan 2008) . This ''pure'' PSA mode has little correlation with ENSO, suggesting that it is similar to the PSA2 mode of Mo (2000) . The PSA is likely to interact with the SAM, enhancing (reducing) the effects of the westerlies during the positive (negative) PSA phase. Although the SAM does not appear in the SLP composites of wet and dry years (Fig. 4) , this dominant Southern Hemisphere mode does correlate significantly with Tasmanian rainfall (Table 2 ). It is suggested that this mode in combination with the other two lowerlatitude originating modes acts to influence Tasmanian rainfall.
A closer look at some individual years during the period of study demonstrates the complex interactions of these three climate modes in influencing Tasmanian rainfall variability. For instance, 1991 was an El Niñ o year (i.e., negative SOI; Fig. 5a ), yet Tasmania received above-average rainfall (Fig. 3a) . This increase in rainfall over the island is likely to be the result of the negative phase of the SAM and positive phase of the PSA (Fig. 5a ), which can be seen in Figs. 6e,g to result in largely increased rainfall, particularly in the west. Similarly, 1999 was a La Niñ a year but rainfall over Tasmania was anomalously low. This rainfall deficit can be primarily explained by the strongly positive SAM phase, as the PSA was only weak. The dominance of the PSA influence can be seen in the 1996 wet year with a positive PSA phase overriding the rainfall-suppressing effect of the El Niñ o and positive SAM phases. On the other hand, the anomalously dry year of 1982 is consistent with the combination of the El Niñ o, positive SAM and negative PSA phases. These individual year examples show how each of the three climate modes needs to be considered when diagnosing interannual rainfall anomalies over Tasmania.
Examining the leading EOFs of Tasmanian rainfall, we identified two dominant spatial variations (Fig. 8 ) that capture the rainfall patterns projected by the largescale climate modes (Fig. 6 ). The first mode, an all-island mode, explaining over 70% of total rainfall variability, can be evidently attributed to the PSA and ENSO and, to a lesser extent, the SAM. Both the composites and regressions of ENSO and the PSA onto Tasmanian rainfall reveal largely islandwide patterns. The second EOF mode, on the other hand, explains 14% of rainfall variance, exhibiting an out-of-phase fluctuation between the western and eastern regions. This feature can be explained by anomalous westerlies flowing over the western Tasmanian mountains, causing orographic rainfall in the west and consequently loss of atmospheric moisture before the air mass reaches the east coast. This pattern is reminiscent of the rainfall composites of the negative phase of the SAM (Fig. 6e ) and positive phase of the PSA (Fig. 6g) . The SLP anomalies over Tasmania due to the PSA and the SAM (Figs. 5f,g ) indicate an influence of these modes on the westerly jet streams impacting Tasmanian rainfall. These results imply that, in general, rainfall across Tasmania varies in phase because of a combination of the three climate modes. However, the climate modes can also give rise to weaker within-island variability.
Finally, it is noted that the impacts of all three climate modes on Tasmanian rainfall exhibit important seasonal variations. It is clear that SAM and ENSO are in phase during austral summer, while their most coherent impacts occur during winter, when the SAM modifies the westerly jet stream position and strength and ENSO impacts the available atmospheric moisture over the island. The PSA, on the other hand, projects the same way as the SAM during winter but exhibits weaker seasonality. Precisely how these three climate modes interact and vary seasonally is beyond the scope of this study but should be the focus of future work. Indeed, there appears to be an interesting seasonal evolution and interaction of these three climate modes over Tasmania.
